[1] Recent dacites and basaltic andesites carrying a subduction-related geochemical imprint were dredged within the active Chile Trench off the Taitao Peninsula, where the Chile Ridge is being subducted beneath the South America Plate. Their maximal Ar/Ar ages range from 70-127 ka to 2 Ma. The basaltic andesites, which have a predominantly mantle-derived geochemical signature are thought to result from the mixing of dacitic magmas with MORB-type liquids derived from the buried spreading ridge. Two groups are distinguished among the dacites: the low-Si group has the chemical characteristics of adakitic slab melts, with depleted heavy rare earth element (HREE) abundances suggesting the occurrence of residual garnet in their source. The high-Si group has less depleted HREE contents. The Sr, Nd, and O isotopic signatures of both groups are 2Sr = À14.9 to +0.8, 2Nd = +2.9 to +3.8, and d
Introduction
[2] The emplacement of subduction-related magmas in near-trench position cannot be easily accounted for by the commonly admitted models of magma genesis in arcs [Arculus, 1994] but could be a consequence of ridge subduction [Dickinson and Snyder, 1979; DeLong et al., 1979; Thorkelson, 1996] . In the geological record, the occurrence of anomalous near-trench magmatic activity in forearc domains has often been related to ancient RidgeTrench-Trench triple junctions, e.g., in Japan [Marshak and Karig, 1977; Kiminami et al., 1994; Osozawa and Yoshida, 1997] , the Alaska margin [Hibbard and Karig, 1990; Haeussler et al., 1995; Harris et al., 1996; Lytwyn et al., 1997 Lytwyn et al., , 2000 , California [Sharma et al., 1991; Basu, 1992, 1995] , and Baja California [Rogers et al., 1985; Aguillón-Robles et al., 2001; Benoit et al., 2002] . The corresponding magmatic products, usually exposed in ancient accretionary wedges, are predominantly bimodal. They include: (1) basaltic rocks transitional between normal Mid-Ocean-Ridge Basalts (MORB) and calc-alkaline basalts, which are thought to derive from the suboceanic mantle of the spreading ridge variously contaminated by subduction-related material either in front of the trench [Klein and Karsten, 1995; Sturm et al., 1999; Osozawa and Yoshida, 1997; Lytwyn et al., 1997] , or during their ascent through the continental crust and accretionary prism [Maeda and Kagami, 1996] ; and (2) evolved calc-alkaline magmas (granitic plutons or dacites and rhyolites) likely derived from either anatexis of continental materials [Johnson and O'Neil, 1984; Barker et al., 1992] , anatexis of oceanic crust [Harris et al., 1996] , or interaction of ascending MORB magma with the accretionary prism [Sharma et al., 1991; Cole and Basu, 1995; Lytwyn et al., 2000] .
[3] In this paper, we provide new geochemical and chronological data demonstrating that very recent, neartrench calc-alkaline magmatism is exposed in its initial tectonic position in the active Chile Triple Junction (CTJ hereafter) area (46°09 0 S) (Figure 1 ). In this area where the Chile Ridge is being subducted beneath the South America Plate, extremely fresh, Pleistocene calc-alkaline basaltic andesites and dacites have been dredged in the immediate vicinity of the CTJ during the CTJ cruise of R/V L'Atalante in 1997. These rocks, although geochemically rather similar to the Chilean arc lavas located 200 km landward, were sampled along the lower slope of the continental margin, less than 20 km landward from the trench axis . They are exposed above an oceanic slab less than 10 km deep, in a highly uncommon location for subductionrelated magmas. The aim of the present study is to show that they mostly derive from very shallow hydrous melting of subducting oceanic basalts and associated sediments under high thermal conditions.
Geological Setting and Samples Studied

Triple Junction Motions
[4] Since at least 6 Ma, the Chile Ridge entering the trench consists of short segments separated by fracture zones. Segment 1 of the southern Chile Ridge entered the trench ca. 0.3 Ma (Figure 2 ). Previously, two short ridge segments were subducted after 6 and 3 Ma, west of the Taitao Peninsula, between the Esmeralda and the Tres Montes Fracture Zones, and between the Tres Montes and the Taitao Fracture Zones, respectively [Leslie, 1986; Cande and Leslie, 1986; Tebbens et al., 1997] . Due to the N160 trend of the Chile Ridge (Figure 2 ), the Triple Junction migrated northward during subduction of spreading segments and slightly southward during subduction of fracture zones [Cande and Leslie, 1986] . Therefore the successive subduction of short segments separated by fracture zones led to the stagnation or back and forth motion of the Triple Junction along a restricted area of the margin where the studied lavas were dredged. Such a process is likely to produce a high thermal regime (the ''blowtorch effect '' of DeLong et al. [1979] ). According to Lagabrielle et al. [2000] , temperatures of 800°-900°C were attained at depths of 10-20 km below the CTJ area.
[5] The complex segment of the Chile margin between 45°50 0 S and 47°10 0 S, referred to as the synsubduction segment by Bourgois et al. [2000] , is the locus of recent magmatic activity. It includes the Chile spreading ridge segment located between the Darwin and the Taitao fracture zones and currently subducting beneath the continental margin, the North Taitao Canyon and the Taitao Ridge bounded to the north by the North Taitao Ridge Fault (Figure 1 ). This fault offsets the subduction front right laterally. To the north of the North Taitao Ridge Fault, subduction-erosion removed most of the previously accumulated accretionary prism, which is preserved to the south along the Taitao Ridge.
Magmatic Samples From the CTJ Cruise
[6] Basaltic to dacitic lavas were collected during the CTJ cruise on both oceanic and continental sides of the Chile Trench. Dredge station locations are presented in Figure 1 and Table 1 . Basaltic samples with pillow lava morphology were recovered along the western wall of the axial valley (dredge CTJ29) of the Southern Chile Ridge segment 1. Landward from the trench, dredges CTJ19, from the northern flank of the North Taitao Canyon, and CTJ16, located on the Taitao Ridge, near Site 862 of the Leg ODP 141, recovered greenschist facies dolerites and altered basalts, respectively. Very fresh basaltic andesites were sampled at two different sites: on a small volcanic edifice located on the continental edge of the trench close to the CTJ (CTJ28), and on the middle southwest slope of the Taitao Ridge (CTJ11). In addition, silicic lavas located only 8 km landward from the trench axis were recovered along the southern slope of the North Taitao Canyon (CTJ17). In this paper, we present geochemical data (major and trace elements, Sr-Nd and O isotopic compositions) obtained on these forearc, subduction-related volcanic rocks together with geochronological data confirming their recent to very recent ages of emplacement. New and previously published geochemical data from basalts of the Chile Ridge spreading segment 1 are also presented for comparison.
Analytical Procedures
[7] Twenty-one volcanic rocks ranging from basalts to dacites and one sediment from the Taitao Ridge were analyzed for the present study. They include 3 basalts from the CTJ29 dredge, 5 basaltic andesites from CTJ28 dredge, 2 basaltic andesites from CTJ11 dredge, and 11 dacites from CTJ17 dredge. Analyses were performed on handpicked chips of glass for dredged samples CTJ29, CTJ28, and CTJ11.
[8] Whole rock major and trace element analyses (Table 2 ) were obtained at Brest by inductively coupled plasma-atomic emission spectrometry (ICP-AES), except Rb which was measured by atomic absorption spectroscopy. Calibrations were made using standards PM-S, WS-E, BE-N, AC-E, JB-2, and SY-4 (see Cotten et al. [1995] for the analytical procedures). Relative standard deviations for major elements are <2% except for MnO and P 2 O 5 . Those for trace elements are <5%.
[9] Mineral analyses were obtained with a Cameca SX50 electron microprobe at Brest. Analytical conditions are described by Defant et al. [1991] . Representative mineral analyses are available as electronic supporting material 1 .
[10] Sr and Nd isotopic compositions were determined by mass spectrometry at Clermont-Ferrand (analytical methods are described by Pin and Paquette [1997] [Faure, 1986] , and 143 Nd/ 144 Nd ratios were normalized to 146 Nd/ 144 Nd = 0.7219. No age correction was applied to the measured Sr-and Nd-isotopic ratios presented in Table 3 .
[11] Oxygen isotopic compositions were obtained on both whole rocks and separated pyroxenes in Rennes. Pyroxenes Figure 1 . Bathymetric map (depths in m) of the synsubduction segment of the Chile margin as defined by Bourgois et al. [2000] . Location map is shown in the inset. Numbers 859-863 refer to Sites drilled during ODP Leg 141 [Behrmann et al., 1994] . Lines refer to dredges hauls of the CTJ cruise that recovered magmatic material. These dredge sites allowed sampling of the three main morphotectonic units of the region, from north to south: (1) the segment 1 of the Chile spreading ridge entering the Chile Trench and limited by Darwin and Taitao Fracture Zones, (2) the North Taitao Canyon, and (3) the Taitao Ridge. Basalts were recovered at dredge-sites CTJ29, CTJ19, and CTJ16. Fresh basaltic andesites were recovered at dredge-sites CTJ28 and CTJ11. Dacites are localized at dredge-site CTJ17, along the southern wall of the North Taitao Canyon. CTJ, Chile Triple Junction; BBO, Bahia Barrientos Ophiolite. Inset, regional map with location of the study area; GP, Golfo de Penas.
were separated by classical rock crushing and heavy liquid techniques. Final sampling was hand done under binocular microscope. Oxygen was extracted from the pyroxenes using the BrF 5 method [Clayton and Mayeda, 1963] then converted to CO 2 and analyzed using a VG 1 SIRA10 triple collector instrument (see Fourcade et al. [1994] for further information on the procedures). Results are expressed in Table 3 as % d
18 O units relative to the V-SMOW standard reference.
[12] 40 Ar/ 39 Ar radiometric ages presented in Table 4 were measured in Clermont-Ferrand. Whole rocks were crushed, sieved, and individual grains chosen under binocular microscope. All separates were irradiated in a single irradiation experiment at the Ford reactor of the University of Michigan for a total fluence of 10 18 n/cm 2 . J factor was estimated by the use of duplicates of the Fish Canyon sanidine standard with an age of 27.55 ± 0.08 [Lanphere and Baadsgaard, 2001 ] at a value of 0.01028 with 1% relative standard deviation. Interfering nuclear reactions on K and Ca were calculated by coirradiation of pure salts, but K/Ca and Cl/K plots are given for comparison with the age spectra and are only qualitative as they represent 39 Ar/ 37 Ar and Geometric construction is after Thorkelson [1996] . Rate of northward migration of the CTJ in Ridge-Trench-Trench configuration is 160 mm/yr. Rate of southward migration in Transform-Trench-Trench configuration is 10 mm/yr [Cande and Leslie, 1986] . Relative plate motion between Antarctica and South America: 20 and 84 mm/yr between Nazca and South America [DeMets et al., 1990] . Half spreading rate of the Chile Ridge: 31.4 mm/yr [Tebbens et al., 1997] . NRTF, North Taitao Ridge Fault. Basaltic andesites dredge sites CTJ28 and CTJ11 and dacites dredge site CTJ17 are localized. used as proxies for the true elemental ratios. Samples were loaded in aluminum packets into a frequency furnace, the temperature of which is calibrated by means of an optical pyrometer, and step heated in a classical fashion from usually 700°to 1400°C. Each step lasted for 20 min. The gas was purified by means of cold traps with liquid air and Al-Zr getters. Once cleaned, the gas was introduced into a VG3600 mass spectrometer, and 2 min was allowed for equilibration before analysis was done statistically. Ar, and 36 Ar were analyzed with a photomultiplier after interaction on a Daly plate. Gain between both collectors was estimated by duplicate analysis of 39 Ar on both during each analysis and also by statistical analysis over a period of several years. The gain is (on average) 95 and is known to better than 1.5%. This error is included in the age calculation, along with analytical errors on each signal and errors on the blank values. Detailed analytical results are available from the authors upon request. Only age spectra and isochron results will be presented therein. When age plateau are given they are weighted mean plateaus [Dalrymple and Lanphere, 1974] , which takes the error on the J factor into account. Olivine phenocrysts have homogeneous compositions (Fo 89-86 ), which are significantly richer in Mg than olivine phenocrysts within basalts (Figure 3a) . Several dredged samples contain fragments of young sediments adjacent to the basaltic andesites. These sediments contain glass shards, a feature which suggests that their deposition was concomitant with the emplacement of the basaltic andesites. One of these sediments (CTJ11-10s) has been selected for geochemical analysis.
Dacites
[15] The CTJ dacites are fresh, plagioclase-phyric lavas with subordinate orthopyroxene in cluster with the plagioclase (An 66-42 ) phenocrysts. Two dacitic samples (CTJ17-5 and CTJ17-28) are dark grey, vesicular lavas, the only phenocrysts of which are plagioclase and orthopyroxene. All the others are light grey plagioclase-and orthopyroxenebearing dacites which, in addition, contain variable amounts of Fe-Ti oxides, brown amphibole, and rare clinopyroxene phenocrysts. Groundmass textures vary from trachytic to hyalopilitic. Orthopyroxene which is the dominant mafic phenocryst is always hypersthene (Figure 3b ). Orthopyroxene phenocrysts from samples CTJ17-5 and CTJ17-28 have more primitive compositions (Mg-number [100(Mg/(Mg + Fe 2+ )] at $75) than hypersthene from the light grey dacites. In the latter, the Mg-numbers vary from ca. 69 in dacite CTJ17-15 to 65 in CTJ17-2 dacite.
Major Element Data
[16] The CTJ volcanic rocks range in SiO 2 from 50.3 to 69.5 wt %. Basaltic to intermediate lavas, ranging in composition from 50.3 to 57.5 SiO 2 wt %, coexist with felsic lavas displaying a more restricted SiO 2 range (from 65.5 to 69.5 wt %). The lack of compositions between 58 and 65 SiO 2 wt % highlights the bimodal character of these subduction ridge-related lavas. K 2 O wt % and FeO*/MgO (assuming FeO* = 0.9 Fe 2 O 3 * ) versus SiO 2 wt % variation diagrams are presented in Figure 4 . All lavas, except basalts from the Southern Chile Ridge segment 1 (CTJ29) fall within the calc-alkaline fields defined by Le Maître et al. [1989] (Figure 4a ) and Miyashiro [1974] (Figure 4b ).
[17] Basalts from the inner wall of the Southern Chile Ridge segment 1 plot in Figure 4a diagrams as low-K (tholeiitic) lavas. Their major element compositions are within the range of common MORB and, in particular, they are close to the Normal-MORB (N-MORB) of the Southern (0.84 -0.88) than those of the basaltic andesites from CTJ28 or of the CTJ17 dacites (1.42-2.43). The CTJ dacites range in SiO 2 from 65.5 to 69.5 wt %. Two groups of dacites, low-Si (65.5 -65.7) and high-Si (68.1 -69.5), can be distinguished, in accord with their petrographic features. The two dark grey samples (CTJ17-5 and CTJ17-28) belong to the low-Si group and have lower Na 2 O and K 2 O contents and concomitantly higher MgO, CaO, and Al 2 O 3 contents. Their major element compositions are within the range of those of the adakites from the Austral Volcanic Zone [Stern and Kilian, 1996] . The major element features of the high-Si dacites are similar to those of the dacites from the South Volcanic Zone [Gerlach et al., 1988] , although the former are richer in Al 2 O 3 , MgO, and CaO and poorer in Fe 2 O 3 , TiO 2 , Na 2 O, and K 2 O.
Trace Element Data
[18] Trace element abundance patterns normalized to the composition of N-MORB [Sun and McDonough, 1989 ] are shown in Figure 5 . Representative basaltic samples D14-9 and D20-1 from the Chile Ridge segment 1 [Klein and Karsten, 1995] have been plotted in Figure 5a for comparison. Sample D14-9 represents a typical N-MORB showing depletion in large ion lithophile elements (LILE) and light rare earth elements (LREE). Sample D20-1 represents N-MORB magma with selective trace element enrichments (such as Rb, Ba, and K) or depletions (Nb relative to K and La) indicative of incorporation of a subduction-related component [Klein and Karsten, 1995] . The CTJ29 basalts are LREE-depleted (chondrite-normalized (La/Sm) N < 0.8) as are samples D14-9 and D20-1. They are slightly enriched in LILE-like sample D20 but lack the significant depletions in Nb (relative to K and La) typical of subduction component.
[19] In the N-MORB-normalized plot, all of the basaltic andesites and dacites have LILE and LREE enrichments and Nb and Ti depletions relative to adjacent incompatible elements (Figures 5b and 5c, respectively) . These features are characteristic of arc magmas. Chondrite-normalized (La/ Sm) N increases with SiO 2 content from CTJ28 basaltic andesites to CTJ17 dacites [CTJ28, (La/Sm) N > 2.1; CTJ11, (La/Sm) N > 2.6; and CTJ17, (La/Sm) N ranging from 3.1 to 4].
[20] Low-Si dacites are characterized by moderately fractionated REE patterns, with (La/Yb) N of 7.5 and 8.5, slightly higher than those of high-Si dacites [(La/Yb) N ranging from 6.2 to 7.00]. The distinction between low-Si and high-Si dacites is especially based on Sr, Y, and heavy rare earth element (HREE) abundances. Low-Si dacites have higher Sr contents, lower Y and HREE concentrations, and lack a negative Eu anomaly. These features are typical of adakitic (slab-melt) compositions [Defant and Drummond, 1990] . Evolved lavas (SiO 2 > 63 wt %) from the Austral Volcanic Zone and from the Southern Volcanic Zone, respectively, have been plotted together with the North Taitao Canyon CTJ17 dacites in the Sr/Y versus Y diagram of Figure 6 . The latter are intermediate between normal calc-alkaline, mantlederived magmas (South Volcanic Zone magmas in Figure 6 ), and adakites/slab melts (Austral Volcanic Zone magmas in Figure 6 ).
Sr, Nd, and O Isotopic Compositions
[21] Sr, Nd, and O isotopic data for the CTJ lavas are given in Table 3, ECV 0.70273 ± 1 for a basalt from the Chile Spreading Ridge segment 1 to 0.70455 ± 1 for one high-silica dacite (CTJ17-7) from the North Taitao Canyon. In the same samples, the 2Nd ranges from +9.3 to +3.5. Figure 7a literature data from Chile Ridge basalts [Klein and Karsten, 1995] , from South Volcanic Zone lavas [Lopez-Escobar et al., 1993] , and from the Austral Volcanic Zone adakites [Stern and Kilian, 1996] . The Sr and Nd isotopic compositions of the CTJ lavas fall within the range of the suboceanic Chile Ridge mantle, with slightly higher Sr isotope compositions for intermediate to felsic magmas (Figure 7a ). The Chile Ridge mantle is highly heterogeneous and is interpreted as being variably contaminated by recycled oceanic crust and sediments [Klein and Karsten, 1995; Sturm et al., 1999] .
[ Nd ratios from basalts to dacites. The d
18
O magmatic values of dacites are higher than typical MORB-type values (+5.7 ± 0.3%) and also higher than those measured either on the Chile Ridge basalts [+5.6 to +6.0%, Sherman et al., 1997b] or on the CTJ basaltic andesites (+5.9 to +6.5%, Figure 7b ). Therefore the isotopic composition of the dacites indicates a contribution of crustal material. However, these dacites appear to have a lesser oxygen and/or strontium crustal imprint than some South Volcanic Zone lavas and the majority of Austral Volcanic Zone adakites erupted far away from the trench, across a 30-km-thick continental crust [Stern and Kilian, 1996] . 2.4.5. . All CTJ17 dacites plot between the slab melt field and the mantle-derived field. The Austral Volcanic Zone lavas classified as adakites [Stern and Kilian, 1996] and the South Volcanic Zone [Lopez-Escobar et al., 1993] lavas that include ''normal'' dacites from the Southern South Volcanic Zone [Gerlach et al., 1988] are also shown for comparison. Austral Volcanic Zone volcanoes from south to north: MB, Mount Burney; Re, Reclus; Ag, Aguilera; Vd, Viedma; La, Lautaro. [Sun and McDonough, 1989] . The inset shows rare earth element patterns for the same samples normalized to chondritic values [Sun and McDonough, 1989] . (a) Basalts from Southern Chile Ridge segment 1 (CTJ29); D14-9 and D20-1 are representative basaltic samples from segment 1 [Klein and Karsten, 1995] shown for comparison; (b) basaltic andesites from dredges CTJ28 (continuous lines) and CTJ11 (dashed lines); and (c), Taitao Canyon dacites (CTJ17 dredge site); continuous lines, lowSi dacites; grey area, high-Si dacites; low-Si dacites are Y and HREE-depleted, and Sr enriched with no Eu negative anomaly. They share some chemical characteristics with adakitic magmas. High-Si dacites resemble normal calcalkaline mantle-derived magmas.
higher SiO 2 lavas, sample CTJ11-6 yields a good plateau age at 1.14 ± 0.11 Ma, in agreement with the isochron age. In most cases, the low amount of K in the lavas coupled with young ages prohibits calculation of age plateaus, and in many instances, calculation returned null ages. To overcome that problem, maximum ages have been calculated using the blank values obtained at 500°, 1000°, and 1200°C prior to the analysis of the samples. Using that proxy, the following maximum ages were obtained (Table 4 ): 1.14 ± 0.11 Ma for basaltic andesite CTJ11-6, less than 1.12 Ma for CTJ17-21, and less than 0.28 Ma for CTJ17-22 high-Si dacites. CTJ28-2 and CTJ28-4 basaltic andesites, which have yielded 40 Ar/ 39 Ar glass ages lower than 127 and 70 ka, respectively, are likely to represent the youngest samples of our set.
Discussion
Tectonic and Age Constraints on the Sources of CTJ Lavas
[25] Previous investigations in the CTJ region have shown that the subduction of the Chile Ridge since 6 Ma has been coeval with the emplacement of various magmatic suites in the forearc [Mpodozis et al., 1985; Forsythe et al., 1986; Kaeding et al., 1990; Lagabrielle et al., 1994; Le Moigne et al., 1996; Bourgois et al., 1996; Guivel et al., 1999] . These include the Cabo Raper plutonic suite dated at 4.8-5.1 Ma [Guivel et al., 1999] , the volcano-sedimentary sequence of the Chile Margin Unit exposed on the Taitao Peninsula and dated from 5.3 to 1.5 Ma [Bourgois et al., 1993] , and the volcanic sequence of the Taitao Ridge drilled during ODP Leg 141 at Site 862. Rhyolitic samples from Site 862 provided ages of 1.5-2.2 Ma [Forsythe et al., 1995b] . Our new Ar/Ar ages obtained on the fresh CTJ lavas emphasize the good correlation that exists between the distribution of the magmatic activity in the CTJ area, with the general northward migration of the CTJ along the Chile margin through time (Figure 8 ). These data confirm previous suggestions that the age of volcanism is getting younger toward the present-day Triple Junction [Guivel et al., 1999; Lagabrielle et al., 2000] . The CTJ28 basaltic andesites which yield the youngest ages (<70 and <127 ka) among the CTJ lava population, are closest to the active Chile spreading segment 1. The CTJ11-6 basaltic andesite located on the Taitao Ridge, 70 km southward from the CJT, provides an older age (1.1 Ma), not very different from those obtained by Forsythe et al. [1995b] (1.5 -2.2 Ma) on Figure 8a only], low-Si North Taitao Canyon dacites (CTJ17), and regular crosses, high-Si CTJ17 dacites; triangles, sediments from the CTJ area. Sr-Nd-O isotopic data are listed in Table 3 . Data sources for fields: SCR, Southern Chile Ridge [Klein and Karsten, 1995] ; AVZ, Austral Volcanic Zone [Stern and Kilian, 1996] ; SVZ, South Volcanic Zone [Lopez-Escobar et al., 1993] . Chemical and isotopic parameters of the endmembers used in the calculation of mixing models are presented in Table 5 . ECV rhyolites from the same ridge. The ages of emplacement of high-Si dacites from CTJ17 (less than 1.12 and less than 0.28 Ma), while also young, are not as well constrained as the former.
[26] Considering this spatial and temporal distribution, the CTJ magmatism is clearly related to the interaction between the currently spreading ridge and the thin overlying lithosphere of the upper plate. If we consider the present-day plate configuration and if we assume a 30°dip for the Antarctica slab , the top of the hot descending oceanic crust is presently at a maximum depth of 12 km below all the studied CTJ lavas. This precludes any contribution of the subcontinental mantle, usually considered as the main source of Andean arc magmas, even taking into consideration high rates of tectonic erosion of the Chile margin . Consequently, the only sources likely involved in the CTJ magma genesis are: (1) the suboceanic mantle; (2) the young downgoing oceanic crust; (3) the sediments of the accretionary prism; (4) the Chile continental crust; and (5) oceanic materials (basalts, gabbros, and peridotites) possibly underplated tectonically at the base of the Chile continental crust Lagabrielle et al., 2000] .
Possible Origins of Near-Trench Intermediate and Felsic Magmas
[27] The CTJ magmas are unlikely to derive from largescale partial melting of continental crust materials or of continent-derived sediments. Indeed, their Sr and Nd isotopic ratios show that the source materials had slightly depleted compositions within the range of those known for the suboceanic Chile Ridge mantle (Figure 7a) Nd/ 144 Nd < 0.5125 (Table 5) .
[28] The isotopic variations among the CTJ lavas also preclude a simple closed-system fractionation of an MORBtype magma. Indeed, there is a general enrichment in radiogenic Sr and d
18 O coupled with radiogenic Nd depletion from basalts to dacites (Figure 7 ). This trend could be a result of AFC, but the complex behavior of some incompatible elements with increasing silica contents indicates Ar dates on rhyolitic samples from Leg ODP 141, Site 862 on the Taitao Ridge [Forsythe et al., 1995b] , and nannoplankton assemblages ages from volcanic-sedimentary Chile margin unit on the Taitao Peninsula; empty square, 40 Ar/
39
Ar dates on the Cabo Raper granodioritic pluton on the Taitao Peninsula [Guivel et al., 1999] . GFZ, Guamblin Fracture Zone; DFZ, Darwin Fracture Zone; NTRF, North Taitao Ridge Fault; TFZ, Taitao Fracture Zone; TMFZ, Tres Montes Fracture Zone; SCR2 and SCR1, Southern Chile Ridge segment 2 and segment 1, respectively; CTJ, Chile Triple Junction; TR, Taitao Ridge. that either simple fractional crystallization or AFC are not the dominant processes involved in the genesis of intermediate and felsic CTJ magmas. Figure 9 shows N-MORBnormalized incompatible elements and chondrite-normalized REE concentration patterns for representative basaltic to dacitic CTJ lavas. Highly incompatible elements such as LILE and Th increase more or less regularly with increasing silica contents as expected from fractional crystallization. However, the corresponding REE patterns are not parallel and show a general decrease in middle REE (MREE) and HREE concentrations from basalts to dacites (Figure 9 ). Our attempts to reproduce this REE pattern evolution postulating the fractionation of amphibole and accessory phases such as titanite or apatite were unsuccessful.
[29] The isotopic compositions of the CTJ lavas (Figure 7 ) require the addition of a [30] The first model (solid curves) corresponds to bulk mixing between basaltic magmas and the sediments (or the melts derived from them), whereas the second one approx- Figure 9 . Trace element abundance patterns for representative CTJ lavas, ranging from basalt to dacites, normalized to the composition of N-MORB [Sun and McDonough, 1989] . The inset shows rare earth element patterns for the same samples normalized to chondritic values [Sun and McDonough, 1989] . The trace element patterns are not parallel and we observe a general decrease in MREE and HREE from basalt to dacites, which is incompatible with fractional crystallization process.
imates the bulk addition of sediments (possibly melted) into the mantle source followed by partial melting of this metasomatized mantle (dashed curves). Clearly, the latter curves do not match the isotopic compositions of the CTJ basaltic andesites and dacites, and thus the hypothesis of melting of metasomatized MORB mantle can be discarded. Despite the scatter in Figures 7b and 7c , the bulk mixing curves fit reasonably well our isotopic data, which suggest that all studied lavas derived from a MORB source through an addition of less than 30% sediments.
[31] Three processes involved in the petrogenesis of the CTJ lavas are consistent with the ''bulk mixing'' solid curves shown in Figures 7b and 7c: [32] (1) Crustal contamination/AFC of MORB ascending within the accretionary prism and the Chile continental crust is plausible given the location of the CTJ samples, but this process does not fit with their incompatible trace element features as discussed above.
[33] (2) Melting of a mixture of MORB plus sediments seems also very appropriate in such a tectonic setting and has already been proposed for the Taitao Ridge rhyolites by Forsythe et al. [1995a] . Numerous experimental studies have shown that hydrous partial melting of a basaltic protolith produces acidic liquids, and this model will be tested below for the CTJ dacites. However, the compositions of the corresponding experimental melts do not fit with the geochemical features of the CTJ basaltic andesites which contain up to 6.5 wt % MgO. The occurrence in these rocks of magnesian olivine phenocrysts also suggests their derivation from a basaltic liquid.
[34] (3) Magma mixing between basaltic and felsic liquids is an efficient process in creating basaltic andesites, as already shown for the South Volcanic Zone [Gerlach et al., 1988] . The major, trace element and isotopic compositions of the CTJ basaltic andesites are broadly intermediate between those of MORB and CTJ17 dacites from the North Taitao Canyon, and thus might be consistent with an origin through magma mixing between these two compositional end-members. However, various mixing tests involving N-MORB from the Chile Ridge and CTJ17 dacites failed to reproduce at the same time both major and trace element compositions and isotopic Sr-Nd-O compositions. For instance, a mixture of 25% of N-MORB CTJ29-3 with 75% CTJ17-20 dacite reproduces the trace element and Nd isotopic composition of basaltic andesite CTJ11-5 while more than 55% of the N-MORB end-member is needed to match its major element and Sr isotopic compositions. Of course, such mixing may have involved basaltic melts and presently unsampled felsic melts having either trace element patterns or isotopic ratios slightly different from the CTJ dacites. Thus even if our mixing models cannot fully support this process, it is presently impossible to discard it. This hypothesis is also consistent with the common occurrence in the basaltic andesites of olivine phenocrysts more magnesian than those of basalts (Figure 3) .
[35] Thus we consider the magma mixing model as the most appropriate for the CTJ basaltic andesites because we know that N-MORB magmas extracted from the mantle of the subducting spreading ridge are available below the continental wedge, as shown from past situations in the Taitao Peninsula and on the Taitao Ridge [Lagabrielle et al., 1994; Guivel et al., 1999] . In the following sections, we demonstrate that felsic liquids are also produced in such context.
Dacite Genesis: Tests of the Partial Melting of Morb Plus Sediments
[36] Given the configuration of the CTJ region, partial melting of a basaltic protolith at relatively shallow depths can be envisioned. The minimal conditions of hydrous melting for metabasalts in low-pressure conditions are given by the wet basalt solidus of Green [1982] . Under pressures lower than 1.5 GPa, these conditions range from 650°to 1000°C and may lead to the production of slab melts in the presence of large amounts of water [Prouteau et al., 1999] . The melting of terrigenous sediments can occur under similar conditions [Tatsumi, 2001] . Very low pressure dehydration and water-saturated melting experiments of basaltic to andesitic greenstones and amphibolite were investigated by Beard and Lofgren [1991] . These authors show that water-saturated melting occurs between 800°and 1000°C at pressures ranging from 0.1 to 0.7 GPa, and produces silicic melts rather similar to the studied high-Si dacites, coexisting with an amphibole-and plagioclase-rich restite assemblage. Under higher pressures, i.e., within the garnet stability field, numerous studies [Rapp et al., 1991; Sen and Dunn, 1994] have demonstrated that the melting of metabasalts produces HREE-depleted felsic melts similar to our low-Si dacites, which have been often referred to as adakites [Defant and Drummond, 1990; Martin, 1999] .
[37] As discussed above, the CTJ high-Si dacites plot along mixing lines between N-MORB from the Chile Ridge and local sediments from the Taitao Ridge (Figure 7b ). These features are consistent with the contribution of 25 ± 5% of sediments in the mixture. We have thus tested (model D1) the melting of 75% of typical N-MORB (sample CTJ29-3, Tables 2 and 5) and 25% of local sediments (CTJ11-10(s), Tables 2 and 5) to produce the ''high-Si dacites.'' This model cannot be applied to the low-Si dacites because we lack relevant oxygen isotope data. However, their Sr and Nd isotopic features (Figure 7a ) suggest that their source also contains a sedimentary component. Thus regarding the origin of the latter rocks, we have chosen to test (model D2) the melting of a metabasalt identical to the basaltic sample from the Chile Ridge (sample D42-3). This sample shows the strongest subduction-related signature [Klein and Karsten, 1995] . It has been considered by these authors to have been derived from the melting of depleted mantle source, contaminated at depth by altered oceanic crust and sediments.
[38] Mass balance calculations on major elements permit evaluation of the degrees of melting and restite assemblages for both high-Si and low-Si dacites (models D1 and D2, respectively). Major element compositions of the minerals and rocks used for mass balance calculations are presented in Tables 6 and 7 , respectively. Model D1 final composition is that of CTJ17-12 sample and model D2 final composition of that of CTJ17-28. Results of mass balanced calculations are presented in Table 8 . CTJ17-12 high-Si dacite is modeled by partial melting of ca. 32% of source D1 (75% MORB + 25% sediments) with a residue of 60.4% amphibole + 34.5% plagioclase (An70) + 4.6% magnetite and 0.5% apatite. The best result approximating the composition of the CTJ17-28 low-Si dacite is ca. 20% partial melting of source D2 coexisting with a residue rich in amphibole and plagioclase, and containing also garnet + ilmenite + apatite.
[39] We have tested the major element-based models with the abundance systematics of the REE and other trace element compositions. Mineral/liquid partition coefficients used for partial melting calculations come from Martin [1987] and references therein, with the exception of K liq Garnet for Ba and Nb [Arth, 1976 and Johnson, 1994, respectively] and K liq Ilmenite for Nb [Green and Pearson, 1987] . The results of batch partial melting modeling [Shaw, 1970] are presented in Figure 10 which compares the REE and trace element patterns of the two groups of dacites with the calculated patterns. The presence of small amounts of garnet in the melting residue for D2 model is consistent with the low-HREE contents of the low-Si dacites. The lower abundance of plagioclase in the residue of model D2 is consistent with the higher Sr content and lack of a negative Eu anomaly in the low-Si dacite group. The main discrepancy between the compositions of calculated liquids and low-Si CTJ dacites (calculated using model D2) is that the former are too depleted in HREE with respect to the latter, suggesting that <6% of residual garnet was involved in the genesis of low-Si dacites. However, given the numerous uncertainties in the parameters used for partial melting calculations (source compositions, partial melting rates, partition coefficients, and mineral compositions of the residues), we will consider hereafter that these models provide a reasonable fit with our natural melts. Of course, the validity of these melting models requires also that the thermodynamic and chemical conditions (T, P, and H 2 O content) necessary for melting were matched below the near-trench CTJ area, which will be discussed below.
P-T-H 2 O Conditions of Melting
[40] Our results demonstrate that low-and high-Si dacites originated from hydrous melting of a metabasaltic protolith plus sediment. The most striking difference between these two types of magmas is that residual garnet is involved in the genesis of the low-Si dacites, implying variable pressures of melting.
[41] The availability of important amounts of water at shallow depths in the CTJ area is not a major restriction in our opinion. Three sources of water can be involved: (1) the water stored in the sedimentary pile within the accretionary prism [Behrmann et al., 1994] ; (2) water from the altered oceanic basalts; and (3) water from serpentinized peridotites, e.g., those exposed at the base of the Bahia Barrientos ophiolite on the Taitao Peninsula. During subduction of very young oceanic crust, water is released at shallow depths along the thrust interface [Harry and Green, 1999] , and the corresponding fluids might uprise along the detachment into the accretionary prism.
[42] Thermal effects of ridge subduction can be inferred from a simple numerical model by Iwamori [2000] . Its application to the CTJ case shows that maximum temperatures ranging from 600°to 780°C are attained at the interface between the subducted slab and the overlying arc Model D1 concerns high-Si dacites petrogenesis and according to their isotopic composition, the high-Si dacite source composition is a mixing of 25% of sediment (CTJ11-10s, Table 2 ) and 75% of basalt (CTJ29-3, Table 2 ). The source composition used for partial melting modeling D2 concerning low-Si dacites CTJ17 petrogenesis, is a basalt from the Chile Ridge segment [sample D42-3, Klein and Karsten, 1995] . This basalt has isotopic and trace element composition characteristic of arc magmas. crust for depths of 15-30 km. We can even expect in the CTJ case, a thermal regime much hotter than that predicted by the Iwamori's [2000] models because of the succession in the studied area of several events of ridge subduction due to the segmentation of the Chile Ridge (the blowtorch effect of DeLong et al. [1979] ), as discussed in the work of Lagabrielle et al. [2000] .
[43] High-Si dacite melts likely originate from a pressure domain where plagioclase and amphibole are stable but garnet unstable (P < 0.8 GPa), corresponding to depths shallower than 25 km and a temperature field ranging from 650°to 900°C [Green, 1982; Schmidt and Poli, 1998 ]. Low-Si dacite melts originate in a pressure field where both garnet and plagioclase are stable, that is, according to the same authors between 0.8 and 1.5 GPa corresponding to depths ranging from 25 to 45 km and temperatures ranging from 650°to 800°C. At present, the CTJ17 dacites are localized only 8 km landward from the trench. Postulating their derivation from the sommital part of the oceanic crust (where basalts and sediments occur together), followed by vertical ascent of the liquids, leads to conclude that the top of the slab should be at a maximum depth of only 5 km under the CTJ17 dredge site. This is inconsistent with the minimum depth of 25 km required for the genesis of the low-Si dacites according to experimental data.
Tectonic Conditions of Melting
[44] The most simple explanation accounting for the emplacement at the trench of low-Si dacitic magmas formed at a minimum depth of 25 km is that they have been channelized along the thrust plane during their ascent. Indeed, the top of the subducting slab is in extensional regime at low depths [Hasegawa et al., 1994] and open fractures are likely to occur in such a context. In addition, studies have suggested that hydrous fluids are accumulated and channeled along the decollement plane [Bangs et al., 1999] . This hypothesis provides an elegant explanation to the presence in the same dredge CTJ17 of high-Si and lowSi dacites. However, it seems very unlikely that viscous dacitic magmas could travel tens of kilometers along the thrust plane without being quenched by the hydrous fluids percolating concomitantly.
[45] Alternative explanations involve tectonic processes, which might have resulted in changes of the geometry of the triple junction during the last mega-year, allowing dacitic magmas to be exposed within the trench today. A previous tectonic study of the synsubduction Chile margin segment has documented the highly complex morphology and history of this segment during the past 1 Ma. This evolution includes episodes of subductionaccretion and subduction-erosion, as well as a possible oceanward ridge jump of part of the Southern Chile Ridge segment 1 and fragmentation of the oceanic lithosphere. Thus 1 or 2 Ma ago, the plate configuration at the CTJ area might have been different from today (Figure 2) , which implies that the studied lavas may not be anymore in their right original location with respect to the trench.
[46] We propose two different hypothetical models that might account for the development of very specific P-T field conditions leading to the genesis of high-Si and low-Si dacites, ca. 1 Ma ago in the CTJ region. The first one implies rapid tectonic erosion, as documented earlier in such geodynamic contexts Bourgois and Michaud, 2002] . The second one involves rapid slab bend- Figure 10 . Trace element and rare earth element patterns normalized to N-MORB and chondrite abundances, respectively [Sun and McDonough, 1989] of calculated partial melts, compared with natural CTJ17 dacitic lavas. Model D1 melt composition (shaded dashed line) matches those of the calc-alkaline, high-Si CTJ17 dacites (shaded area) while model D2 melt composition (bold dashed line) broadly reproduces those of adakite-like, low-Si CTJ17 dacites (thin line).
ing right below the trench. Both models lack geological and geophysical support and we are well aware that none of them can be considered as a single, definite solution.
Tectonic Model Implying High Rates of Tectonic Erosion
[47] The high-Si dacites have likely been formed under low-pressure conditions, at ca. 15 -20 km depth. This condition implies a minimum landward retreat of the trench axis of 18 km during the past 0.3-1.12 Ma, i.e., a minimum continental margin retreat rate of 16 km/Ma. In the same way, the low-Si adakite-like dacites have been formed within the plagioclase and garnet stability field at ca. 25 km depth or more. Their age is not constrained but admitting a slab dip of 30°, they are likely to have been emplaced at least 50 km landward from the trench. The 16 km/Ma rate is much higher than the 5.5-7.5 km/Ma invoked during the last 3 -4.2 Ma in the case of the Cabo Raper pluton on the Taitao Peninsula . However, it has been proposed that the geometry of the CTJ trench area changed significantly during the Quaternary, in response to highly variable glacial-interglacial sediment supply . Recent subduction of the Chile Ridge is therefore characterized by very high rates of frontal erosion that removed most of the previously accumulated accretionary prism in 160 ka but also by active subduction erosion at depths consistent with the narrowness of the continental slope along the margin north of the triple junction. The tectonic context of the CTJ is also characterized by strike-slip faulting and ridge jump . Combination of these tectonic processes associated with tectonic erosion could explain a rapid landward migration of the trench axis as illustrated in Figure 11 . One mega-annum ago, the slab could have been 30 km below what is ''presently'' the neartrench area. Subducting oceanic crust metamorphosed into the greenschist to garnet-bearing amphibolite facies may have been partially remelted at depths ranging from 20 to 30 km producing the high-Si and low-Si dacitic melts, respectively. From 1 to ca. 0.3 Ma, melting of the subducting oceanic crust or of tectonic slices of oceanic crust underplated at the base of the accretionary prism may have been associated with tectonic erosion that removed considerable volume of the continental margin, allowing the young dacitic melts to be exposed within the trench today. This model is also close to that developed for the origin of the rhyolites drilled from the Taitao Ridge during ODP Leg 141, Site 862 [Forsythe et al., 1995a] , with the difference that these authors do not consider contribution of sediments.
Tectonic Model Implying a Complex Vertical Slab Geometry
[48] The previous model implies considerable rates of tectonic erosion. This second model has been developed with the aim of minimizing the required rates of tectonicerosion. We propose that parts of the slab should be buried rapidly to depths of 20-30 km right under the trench. This model is based on the fact that the oceanic lithosphere entering the trench at the CTJ is characterized by the occurrence of a group of transform faults. This feature has already been recognized as an important constraint leading to abnormal volcanism in the CTJ region [Mpodozis et al., 1985; Kaeding et al., 1990; Nelson et al., 1993; Le Moigne et al., 1996; Bourgois et al., 1993; Lagabrielle et al., 1994; Bourgois et al., 1996] . In our second model (Figure 12 ), transform faults are considered as stress-free boundaries that allow the partitioning of the slab into successive independent portions. We assume that the youngest slab portions may bend drastically in response to mantle counterflow in Figure 11 . Geodynamical model based on high rates of subduction erosion: possible evolution of the Chile continental margin during last 1 Ma. Quaternary calcalkaline and adakite-like dacites have been collected during CTJ cruise only 8 km landward from the trench axis. Only an association of high rates of tectonic erosion and partial melting of the subducting slab at depths ranging from 20 to 30 km may allow young CTJ dacitic magmas to be exposed within the trench at the present day. Partial melting at various depths ranging from 15 to 30 km of the subducting oceanic crust + sediments metamorphosed within the greenschist to garnet-bearing amphibolite facies products the high-Si and low-Si dacitic magmas while subduction of the Chile Ridge induces removal of the forearc material at depths. Tr, present-day trench axis. the mantle wedge, moving from the back arc to the trench. Such a bending might allow portion of relatively young and still hot oceanic crust to reach rapidly depths of 20-30 km. The CTJ region is unfortunately devoid of significant seismicity and seismological data are not available in order to constrain the dip of slab under the CTJ. As a consequence, this model remains hypothetical.
Conclusion
[49] (1) The CTJ basaltic andesites and dacites provide the first Quaternary example of magmas carrying subduction-related signatures being emplaced in the forearc domain, less than 20 km away from the active Chile trench. The petrogenetic models developed in the present study may thus provide insights into a number of apparently similar processes throughout the geological record [DeLong et al., 1979] .
[50] (2) The present-day very shallow depth (<12 km) of the top of the subducted oceanic plate below the CTJ area excludes any contribution from the subarc mantle to the genesis of the studied lavas, and the isotopic features of the andesitic and dacitic liquids are inconsistent with an origin through simple anatectic melting of the upper continental crust or of the local terrigenous sediments.
[51] (3) The basaltic andesites from dredges CTJ28 and CTJ11 can result from mixing between the basaltic and lowSi dacitic magmas.
[52] (4) In our preferred model, the most likely sources of the dacites are the downgoing basaltic oceanic crust plus variable amounts of associated sediments.
[53] (5) The high-Si dacites are best explained by watersaturated melting of a mixture of 75% MORB + 25% sediments at 800°-900°C under low pressures. Although they are relatively depleted in HREE due to the presence of amphibole in the residue, they do not present the typical features of slab melts (adakites). Their genesis in high-temperature and lowpressure conditions [Beard and Lofgren, 1991] allows us to consider them as an analog of the Early Archean granitoids [Martin, 1987 [Martin, , 1999 Martin and Moyen, 2002] .
[54] (6) The low-Si dacites are adakite-like magmas, and can be modelled as a result of hydrous melting of the Chile Ridge basalts (which already carry a subduction signature) provided that they were previously metamorphosed into the garnet amphibolite facies. We attribute the presence of such rocks at presently shallow depths to short-lived changes in the geometry of the triple junction, possibly due to a combination of subduction-erosion and strike-slip tectonics or rapid slab bending right below the trench.
[55] (7) The very unusual tectonic context of the CTJ, which involved the successive subduction of several ridge segments below the same zone, was able to produce the quite exceptional conditions of melting required for the above models: temperatures of 700°-900°C at depths ca. 15 -30 km. Such conditions, rarely realized in modern subduction environments, may provide a clue to the understanding of Archean magmatic processes.
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